A comparative study of 3 analytical methods (immunoradiometric assay, enzyme immunometric assay, and chemiluminescent immunometric assay) for canine serum thyrotropin (TSH) was performed. Ninetysix dogs were included in the study. The within-and between-run precision was evaluated for each method, and correlations for the results obtained with each method were examined. The best within-and between-run precision was obtained with the chemiluminescent immunometric assay. Satisfactory correlations for the 3 analytical procedures were obtained but varied in relation to serum TSH concentration.
Hypothyroidism is a common endocrinopathy in the dog. The diagnosis is based on the presence of typical clinical signs, results of thyroid function tests, and response to specific replacement therapy. The clinical signs are variable and nonspecific. 5 Thyroid function tests may be affected by many nonthyroidal factors or diseases. 1 Even response to therapy can be difficult to evaluate, particularly when other concurrent treatments have been instituted with thyroid hormone supplementation.
Measurement of basal serum total thyroxine (TT4) has been frequently used in the evaluation of thyroid function, but the diagnostic value of a single low basal TT4 level has not been considered very useful. 8, 9, 11 For this reason, stimulation tests using thyroid-stimulating hormone (TSH, Thyrotropin) or thyroid-releasing hormone have been proposed. 4, 7 Recently, an assay to measure canine TSH has been developed. Serum TSH is the most accurate test of thyroid function in humans. 12 Unfortunately, assay performance in the dog has been disappointing, and initial results have not been reliable when the measurement of canine TSH is the only assay performed. 3, 6, 8, 10 However, further studies should be implemented, and most of the researchers agree that the assay could be helpful in the evaluation of hypothyroid dogs. 3, 7, 9, 11, 13 Three procedures can be used in the analysis of canine TSH: immunoradiometric assay, enzyme immunometric assay, and chemiluminescent immunometric assay. Most of the results published to date have been obtained with the immunoradiometric assay, and very little information about the other two methods is available. The aim of this study was to evaluate the analytical precision of the 3 methods and to compare the results obtained with each assay.
Material and methods
Animals. Blood samples were obtained from 96 dogs of different ages, sexes, and breeds from the Small Animal Internal Medicine Department at the Veterinary Faculty of the University of Zaragoza (Spain). Fasting blood samples were collected from the jugular vein of each dog into plain tubes. After coagulation, the samples were centrifuged (3,000 rpm for 10 min), and aliquots were stored at Ϫ20 C until analysis. The samples were stored for a maximum of 2 mo. Canine TSH has been shown to be stable for this period. 13 Analytical procedures. Serum canine TSH was evaluated in each sample by 3 commercially available methods. The manufacturers' instructions were followed for each assay.
The enzyme immunometric assay (TSH-Milenia) a is performed in a microplate. The wells are coated with specific monoclonal anti-canine TSH antibodies, and a horseradish peroxidase-labeled polyclonal anti-canine TSH antibody is added. The color develops after a chromogenic substrate reactive with the enzyme labeled is added. The final color was read at 450 nm in a microplate reader.
The immunoradiometric assay (TSH-IRMA) b is a solidphase immunoradiometric assay based on monoclonal and polyclonal anti-canine TSH antibodies. The final reaction was read on a gamma counter.
For the chemiluminescent immunometric assay (TSH-Immulite), c the solid phase is coated with a specific monoclonal antibody. The canine sample and an alkaline phosphataselabeled polyclonal anti-canine TSH are incubated, and a chemiluminescent substrate is then added. This substrate undergoes hydrolysis, and a sustained emission of light results. The readings were performed in a chemiluminescent system.
All the samples were analyzed in duplicate, and normally and abnormally elevated commercial controls d were used for each run.
Precision. Two commercial controls and 2 canine serum pool (mix of canine serum with different levels of TSH) were used to calculate the precission. To study within-run precision, control and canine samples were analyzed for 10 consecutive replicates, and the coefficients of variation (CVs) were calculated. Between-run precision was evaluated by assaying control and canine serum on 10 different days, and CVs were also calculated.
Correlation study. After the samples had been analyzed, linear regression analysis was applied to determine the linear relationship for canine TSH results obtained by the 3 assays. First, all the results were included in the statistical study. Then to evaluate the possible effect of TSH concentration on the correlation between methods, the samples were distributed in 3 groups according to serum TSH level: group 1, TSH Յ 0.10 ng/ml; group 2, TSH ϭ 0.10-0.50 ng/ml; group 3, TSH Ն 0.50 ng/ml. The Correlations were then recalculated in each group. Tables 1 and 2. Tables 3-5 summarize the linear regression data obtained by the 3 assays. A close correlation between methods was obtained when total results are considered (Tables 3-5 , Figs. 1A, 2A,  3A) . When the data were partitioned according to TSH concentration, the closest correlation was reported in group 3 (TSH Ն 0.50 ng/ml; Figs. 1D, 2D, 3D ). How-ever, group 2 showed an intermediate correlation (r ϭ 0.56-0.76; Figs. 1C, 2C, 3C), and in group 1 (TSH Յ 0.10 ng/ml), a very poor correlation was obtained (Figs. 1B, 2B, 3B ).
Results

Results of within-and between-run precision evaluations for the control serum and canine serum pool are provided in
Discussion
The lowest within-and between-run CVs were obtained for the chemiluminescent immunometric assay. For the within-run precision, these CVs range between 1.81% and 5.64% (Table 1 ) and the between-run precison CVs range between 1.96% and 6.62% ( Table 2) . The results obtained for the other 2 assays are significantly higher (Tables 1, 2) . Thus, the highest precision in the canine TSH analysis was obtained with the chemiluminescent assay.
There have been analyses several of canine TSH using immunoradiometric and enzyme immunometric assays, and the within-and between-run presicion results differ considerably among authors. Some workers reported precision values very similar or even higher than those obtained in the present study. 3, 9 However, other authors reported significantly better precision with the immunoradiometric assay. 13 Only 1 study has been performed using the chemiluminescent assay, and the analytic variability was higher than that obtained in the present study. 2 When total results were evaluated, a close correlation was always obtained, with r values between 0.96 (immunoradiometric vs. enzyme immunometric assay; Table 3 ) and 0.98 (immunoradiometric vs. chemiluminescent assay and chemiluminescent vs. enzyme immunometric assay; Tables 4, 5 ). However, important differences are evident when the results are evaluated in relation to the TSH concentration in the sample. When group 1 (TSH Յ 0.10 ng/ml) was evaluated, a very poor and nonsignificant correlation (r ϭ 0.01-0.39) was obtained with all the 3 assays (Tables 1-3) . However, because 0.10 ng/ml represents the lower limit of sensitivity, it is meaningless to try to compare results below this level. Samples with values below this level should simply be reported as Յ0.10 ng/ml, which is sufficient for clinical purposes.
In group 2 (TSH ϭ 0.10-0.50 ng/ml), differences in correlation depended on the assays compared (Figs.
1C, 2C, 3C). The lowest correlation value (r ϭ 0.56) was obtained when the immunoradiometric assay was compared with the enzyme immunometric assay ( Table 3 ). However, a higher value was reported in the comparison between the chemiluminescent and enzyme immunometric assays (r ϭ 0.73; Table 5 ) and between the immunoradiometric and chemiluminescent assays (r ϭ 0.76; Table 4 ). When group 3 (TSH Ն 0.50 ng/ml) was evaluated, a significantly higher correlation between methods could be appreciated in every case; the highest correlation coefficients were obtained for this group (r ϭ 0.96; Tables 1-3; Figs. 1D, 2D, 3D). These results indicate that the correlations between the 3 assays are satisfactory, although some differences were noted with respect to the concentration of serum TSH. Comparison of serum TSH measurement methods 
